Abstract: Insulin-like growth factor type 1 (IGF-1) belongs to the peptide hormones which regulate cell proliferation and differentiation as well as angiogenesis. The aim of the present study was the quantitative evaluation of immuohistochemical (IH) expression of IGF-1 and its two receptors (IGF-1Rα and IGF-1Rβ) parallel to changes of capillary lumen/whole capillary area (L/W) ratio during the perinatal period. Tissue samples from lungs from 19-, and 21-day fetuses as well as 1-, 3-, 5-day old newborns were processed for frozen sections that were used for IH staining and then used for quantitative analysis of antigens expression. In parallel, tissue samples were processed for transmission electron microscopy and used for capillaries morphometry. Our results were statistically evaluated. We found that the expression of IGF-1 in the peripheral part of the developing lung has a peak at the moment of birth when changes of vascular structure were reflected by L/W ratio. This is followed by the peak expression of the IGF-1Rα, but not of the IGF-1Rβ.
Introduction
The analyses of the proper lung development have been published since several decades. The introduction of new morphologic techniques and experimental tools make possible to answer some questions but also brings us many of new question marks. Also introduction of new treatment protocols for pre-term-or term-delivered newborns with respiratory insufficiency assumes a need of new insight into the lung development. Although a detailed morphological description of lung development was already published in 1974 [1] the same author almost 20 years latter published newer analysis [2] . Nowadays, into developmental analyses we can introduce immunohistochemical and immunoelectron microscopic studies. Using several techniques in one study we can observe different aspects of selected processes and make comparative analyses. Moreover we can make our observations objective using morphometric techniques.
Although we know the stages of the lung development, there is still a need of understanding which factors might have an influence on that development. It was already described that formation of well functioning lung periphery depends on interaction between epithelial and endothelial cells. Among factors that are involved in this process many belong to growth factors and their receptors families. The best described factors includ VEGF and PDGF. At present, there are also some publications on the role of insulin like growth factors (IGF) in vascular development in fetal period. Insulin-like growth factor type 1 (IGF-1) is a peptide hormone that act mainly as autocrine and paracrine regulator of cell proliferation and differentiation [3] . Although, IGF-1 is not the most powerful angiogenic factor, lack of IGF-1 in knockout mice results in vascular growth impairment in early stages of development [4] .
The aim of the present study was the evaluation of the ultrastructural changes of developing lung at perinatal period studied by morphological techniques including transmission electron microscopy (TEM). Moreover we performed a quantitative evaluation of IGF-1 and its two receptors (IGF-1Rα and IGF-1Rβ) immunohistochemical expression. And we correlated morphometrically estimated changes of capillary areas on the ultrastructural level with changes of levels of given antigens expression.
Material and methods

Animals
The experiment was conducted in accordance with guidelines expressed in the UNESCO Declaration of Animal Rights from 1978 (Paris). Timed pregnant pathogen-free rats were used. During the experiment, each dam with her offspring was kept separately in a single cage in standardized environment (12 hr/12 hr light/dark cycle, room temperature at 20-24
• C , relative humidity at 60±10 %). Standard rat chow and water were provided ad libutum. On the day of experiment, after intraperitoneal injection of sodium pentobarbital in lethal dose, the lungs were taken from 19-and 21-day-old fetuses and 1-, 3-, 5-day old newborns. Immediately after sacrifice of the animal the trachea was clumped and both lungs and the heart were removed an block from the thorax. We studied tissue samples from at least seven animals in each age group. No more than two animals in any group were from the same litter.
Transmission electron microscopy (TEM)
Tissue samples were processed for TEM using routine protocols. Briefly, after fixation in several changes of freshly prepared Karnovsky fixative (8 hr at 4
samples were taken and washed in several changes of phosphate buffer (overnight, at 4
• C ) and postfixed in 1 % OsO 4 (2 hr). Finally, after dehydratation tissue samples were embedded in Epok 812 resin. After polymerization, semithin block sections and ultrathin sections were evaluated on light and electron microscope levels respectively.
Quantitative TEM morphometry
For the randomness and uniformity of the sample we used criteria described earlier [5] . On randomly selected 50 electron micrographs of capillaries of the lung periphery using computer tools by selection of chosen structure we measured areas of the whole capillary (area limited by capillary basement membrane) and its lumen (area surrounded by adluminal endothelial cellular membrane) and area occupied by endothelium (area limited to the endothelial cell cytoplasm). For measurements we selected capillaries with almost round trans-sectional profile (the longest and the shortest capillary diameter axes differences were smaller than 30 %) Then, we calculated the capillary lumen/whole capillary (L/W) ratio. The statistic analyses were performed using STATGRAPHICS plus 3.0 software. Statistical differences were estimated by the analysis of variance (ANOVA) and the Fisher's least significant difference (LSD) procedure and Kruskal-Wallis test (p < 0.001).
Immunohistochemical staining and quantitative analysis
For immunohistochemical staining (IHS), tissue specimens were processed for frozen sections that were finally used. We used standardized ABC protocol described elsewhere (6), with monoclonal antibodies against IGF-1 (lot no. 12066, Upsatate Biotech.), and anti-IGF-1Rα (Santa Cruz Biotech.) and IGF-1Rβ (Santa Cruz Biotech.). For quantitative analysis of expression levels of given antigens we used method described earlier [6] . Briefly, simultaneous IHS of tissue samples from different age groups was performed applying the rules of randomness and reproducibility [7] . For the further analysis we used observation that chromogen optical density (OD) depends on antigen concentration [7] . The positive staining was discriminated using monochromatic filter (IF 436, Olym-pus, Japan). Using microscope with 3CCD camera connected to a computer, selected at random areas were stored on a computer hard disk. Then using Image 1.52 software 100 measurements (50 for stained and 50 for unstained areas) of OD for each age group were made. The lowest OD difference between stained and unstained areas was accepted as 1. Differences between the ODs for given antigens in all age groups were analyzed statistically. As a test of statistical significance we performed ANOVA and the post hoc Bonferroni test (p < 0.001).
Results
The lungs in studied period represented first saccular stage ( Fig. 1 ) and then alveolar stage (Fig. 2) of their development according to the following days of observation. We observed the transition from the fetal into the newborn lung. In fetal lung, although immature one, we observed production of lamellar bodies by pneumocytes type II (Fig.  1 ). Endothelial cells of proliferating capillaries in the lung periphery and epithelial cells were producing well-formed basement membrane (Fig. 3) . The endothelial cells were wide and contained several organelles including Weibel-Pallade bodies. The endothelial nuclei were mainly located at side of the forming thin air-blood barrier (Fig. 3) . Moreover each saccular space was supplied by its own capillary network (Fig. 1) . At the 21-fetal-day the endothelial cells contained some micropinocytotic vesicles (data not shown). With increasing rat age we observed formation of alveolar lung (Fig. 2) . The number of thin air-barriers increased (Fig. 2) . And in addition, that was reflected by "movement" of endothelial nuclei from the barrier into the interalveolar septa (Fig. 4) . Moreover, in the postnatal lungs we observed that endothelial cytoplasm become thinner than in fetal lung (Fig. 4) . At that moment of development the capillaries formed structures of thin "flat" capillaries surrounding the air space.
The transformation from fetal to postnatal lung was reflected by statistically signifi- cant changes of endothelial thickness and L/W ratio (Fig. 5) . Those changes were also accompanied by remodeling of vascular network leading to new configuration of capillaries. In 5-day-old animals, a single capillary within interalveolar septa had contact with 
Discussion
The lung development in fetal period leads to the formation of an organ ready for gas exchange just after delivery. The functional lung activity depends on maturation of the epithelia (pneumocytes type I and II) and presence of surfactant. Moreover, sufficient gas exchange is also limited by the structure and number of alveolar capillaries as well as presence of high number of thin air-blood barriers [8] . In the capillary compartment, the transition from saccular into alveolar lung includes the ultrastructural features of maturation such as formation of intercellular junctions and formation of continues basement membrane. There were also morphologically visible changes of capillary distribution [9] . Furthermore at the moment of birth, when neonate starts to breath by itself, a very dynamic process of the air inflow into the lungs occurs. Then gas stabilization inside saccular and alveolar spaces takes place and finally lung "drying" prepares organ for breathing with atmospheric air. At the same time there are changes in the blood circulation, e.g. the inflow of blood into pulmonary vasculature increases but pulmonary vascular resistance decreases. At the same time expanding of capillaries of lung periphery occurs. This is accompanied by the changes of endothelial cells cytoplasm thickness. For the proper beginning of breathing, maturation of epithelia and endothelia are key components [10] . Former compartment, among other activities, is responsible for surfactant production, its turnover, and it is related to proper gas stabilization within alveoli. While the latter compartment, (a) is responsible for acquiring of greater volume of blood and (b) participate in regulation of the blood flow through capillary network. In maintenance of stability of endothelial lining in capillaries in lung periphery the key role plays formation of intercellular junctions. Moreover, at the beginning of breathing stability of endothelial cells is probably under control of some growth factors (e.g. VEGF, PDGF) and influenced by their receptors expression on endothelial cells. There is an ongoing debate which growth factors or other molecules could be involved in this process. As it was described earlier [11] , the levels of mRNA for IGF and six different IGF binding proteins fluctuate during lung development. Although the IGF-1 is produced mainly by epithelial cells, its transcripts were also found in all other cells of the lung tissue. The expression of members of this family in lung parenchyma fluctuates during development (11) . But the exact role of IGF family is still under studies. In the present study we found that expression of IGF-1 in the peripheral part of the developing lung had a statistically significant peak at the moment of birth. This was accompanied by significant peak of IGF-1Rα expression. The expression of IGF-1Rβ also increased at this time but it was not statistically significant. It could suggest that those two receptors have different biological properties. Similar phenomenon was observed for two specific VEGF receptors, namely Flt-1 and Flk-1 [12] . The beginning of breathing is a unique phenomenon. Lung could start its adequate function which should allow for survival of a newborn only when several factors taking part in this process are well-orchestrated. Plenty of different growth factors and changing levels of expression of their receptors could be important ingredients of process preparing lung for proper first breaths.
Various growth factors families (including VEGF, IGF, PDGF) might operate in different systems [13, 14] . But finally, in respect of stage of vascular development in the lung at the moment of birth, all of them are responsible for proper vascular network formation. This is a multi-factorial process that finally leads to sufficient capillary network formation and its stabilization, as well as formation of enough thin air-blood barriers composed by wide endothelial areas responsible for proper activity of a well working lung.
Conclusions
We conclude that the expression of IGF-1 and its specific receptor alpha might play an important role (probably together with other cytokines and hormones) in the maintaining of the capillary stability at the moment of birth. In this period, very dynamic changes of capillary structure was observed. And it was reflected by the L/W ratio changes.
